. However, only in recent decades have studies on environmental lead been carried out in Mexico. Many of these studies have focused on environmental lead determination in different media and biological sampling among exposed workers and their families. This literature has been reviewed by Albert and Badillo (2) , who concluded that available data were dispersed and had many discrepancies in the results and were therefore difficult to interpret. The use of different analytical procedures and laboratory techniques to determine lead levels may explain part of the discrepancy of the results. At present, data on blood lead levels in the general population of Mexico (3) (4) (5) (6) and on the determinants of such levels (7, 8) are still sparse. In this paper, we review the major sources and pathways for lead exposure in Mexico and present results of studies we and other research groups have conducted.
Methods
In recent years, different research groups have investigated the sources of lead exposure and their impact on blood lead level in the general population of Mexico. Some of the results have already been published by our research team or other groups, and the methodology of these studies has been described elsewhere (5-9). The other results in this paper are reported for the first time, and the study methodologies are described below.
To determine the sources of lead exposure in the Mexican population, we collected information and performed analysis on different types of samples. All samples (colored pencils, ceramics, cans, and cigarettes) were randomly selected from products available on the Mexican market. We obtained water samples from randomly selected households using lead-free containers that had been immersed for several hours in 3% nitric acid and thoroughly rinsed with deionized water. The first flush from the tap was collected to sample water that was standing over night. Analytical procedures followed the methodologies proposed by different authors according to the media in which lead was determined (10) (11) (12) (13) . Internal quality control included calibration curves with lead standards. All analyses were performed using atomic absorption spectrophotometry (Perkin Elmer 360, 3100) with a graphite furnace (except for the lead content of total suspended particulates, which was measured at the governmental laboratory of SEDESOL).
To determine the impact of potential sources on the blood lead levels of schoolchildren, we selected private and public schools located in different areas of Mexico City. All children from a specific age group were asked to participate. Refusal rate was low (less than 1%). Information on potential lead exposure was obtained through a detailed questionnaire that our group developed. Blood lead samples were drawn at school by trained pediatric nurses, using leadfree tubes. Blood analysis was conducted by laboratories using atomic absorption spectrophotometry (Perkin-Elmer 360 and 2100) according to the technique described by Vahter (3) , and the standardization of the equipment and quality control was provided by the Centers for Disease Control laboratory (7) (8) (9) . Blood lead measurements are reported in micrograms per deciliter; the converting factor to micromoles per liter is 1 pg/dl = 0.0484 pmol/l.
Sources of Lead and Impact on Blood Lead Levels
Mexico is the world's sixth largest leadproducing country. In 1988 the production of lead reached 170,200 tons (14) . Almost 60% of this production is exported, while the rest is used locally in industrial processes (pigments, leaded pipes, batteries, and tetraethyl lead), leading to different sources of lead exposure (15) . Airborne Lead The industrial and demographic growth that occurred in Mexico during the last few decades has generated important problems of environmental pollution in the larger cities and particularly in the metropolitan area of Mexico City. At present, one-fourth (20 million) of the Mexican population lives in this area, producing 36% of the national GNP and representing almost 26% of Mexico's total energy consumption. It has been estimated that 14 million liters of leaded gasoline and 4 million liters of diesel fuel are consumed every day in Mexico City (16) , and that 1500 metric tons of lead are deposited annually in the environment from combustion of leaded gasoline (17) .
Recognition of this problem has driven the Mexican government to decrease the use of tetraethyl lead in gasoline by 300% between 1981 and 1986 (3.5 ml to 1.0 ml per gallon; see Table 1 ). At present, two types of gasoline are used in Mexico, the "nova" type that contains 0.5-1.0 ml of tetraethyl lead per gallon and the "magna sin" (unleaded) type that contains 0.1 ml of tetraethyl lead per gallon (18 (20) . In the last 2 years, however, possibly due to an increment in the use of unleaded gasoline and to the closure of several lead-manufacturing industries, particulate lead content has decreased by more than 100% (annual mean = 1.8 pg/m3 in 1991 versus 2.8 pg/m3 in 1989) (21) .
Inhalation or ingestion of dust and soil contaminated with lead can play an important role in the total lead body burden of children. It has been estimated in the United States that for each 1 pg/mi3 increase in airborne lead levels, on average, a child's blood lead level rises 5-6 jig/dl (20) . For a specific exposure to lead in gasoline of 1 pg/mi3, the impact has been estimated to exceed 8 jig/dl (22) , possibly related to the small size of particulates produced by automobile exhaust.
A study conducted by our research team among pediatric patients illustrates the impact of airborne lead on children's blood lead levels (8) . A random sample of 90 children, 1-10 years old, were selected among patients attending a pediatric clinic for a routine visit in Mexico City. Mothers were asked to fill out a questionnaire on demographic variables and potential sources of lead exposure, and total venous blood samples were obtained from the children. Blood lead levels ranged from 3.4 to 25 jig/dI, with a mean of 12.7 pg/dl (SD = 4.4), and 80% (n = 71) of the children had a blood lead level >10 pg/dl. In this sample, the main determinant of blood lead level was the place of residency. Children living on residential streets had a mean blood lead level of 10.3 pg/dl (SD = 4.2), whereas children living on avenues or main roads had a mean blood lead level of 15.5 pg/dl (SD = 4.0; p = 0.0001). Results remained unchanged after adjusting for age and other factors. Figure 1 . Atmospheric lead measured at two monitoring stations in Mexico City during 1990. Xalostoc is in the northern part of Mexico City, near an industrial park, and Pedregal is in the southern part, in a residential area.
These data document the high lead exposure among children living in Mexico City and suggest that leaded fuel could play an important role in determining blood lead levels in this population. Lead in Paint Lead-based paint and pigments that contain lead chromates are frequently used in Mexico. The proportion of lead can reach 50% for exterior lead-based paint, such as the type used on roads, sidewalks, bridges, and expressways. Although this product is not soluble in water, it is soluble in acid liquids, and therefore lead may be released into the environment (dust and water) by contact with acid rain and drainage water. Also, the dissociation of lead chromates by gastric acid can be responsible for the bioavailability of the lead contained in the ingested dust or soil contaminated by leaded paint (23) .
Lead pigments are also used in children's toys and pencils. Our group analyzed different types of colored pencils, using the technique proposed by Evans (10) . Results showed a wide variety of lead contents depending on the pencil's origin. Most colored pencils had a high lead content (Table 2 ). This source of lead exposure can contribute to the total body burden of children, who tend to bite pencils and therefore ingest chips.
At present there are no data on the impact of paint on blood lead levels in Table 3 ). The place of origin of the pottery is also an important factor. Other authors have analyzed the lead content of ceramics from different areas of Mexico (Table 4 ). The highest content was observed in dishes and pitchers from Guadalajara, Mexico City, and Oaxaca, although within a single area there was variation in the amount of lead released (Rothenberg S, Schnaas L, personal communication, 1990). It also seems that pottery that has been used for a long time is more likely to have altered glaze and to release more lead.
Acid substances (such as chili, tomatoes, and lemon juice) kept in traditional pottery are more likely to be contaminated by lead because the solubility of lead increases at low pH. Measurement of beverages prepared in lead-glazed ceramics (LGC) (a sampling of ceramics available on the market) has shown high levels of lead. The content ranged from 89 to 8000 pg/dl in fruit juice prepared in LGC. The lead content of the foods or beverages also increases in relation to the length of contact with LGC. Table 5 shows the lead content of fruit juice and tomato sauce kept in LGC dishes for different time periods. The quantity of lead released varies between samples (LGC originated from different areas) and increases with time.
Several studies have been conducted of populations occupationally exposed to lead through the manufacturing of LGC and their families (2). We conducted several studies in different groups of the general population of Mexico. Results clearly document the impact of the use of lead-glazed ceramics on blood lead levels among adults and children living in Mexico.
In a study conducted in the southern part of Mexico City, 99 women 21-57 years old, from middle to low socioeconomic status, provided a blood sample and filled out a general-purpose and leadexposure questionnaire (7) . The lead exposure questionnaire included the use of LGC to prepare, store, and/or serve foods, the frequency of consumption of Similar results have been observed among schoolchildren of different socioeconomic status in urban and rural areas. We conducted a study enrolling all children 7-9 years old who were students in a public school in the southern part of Mexico City. Blood samples were obtained, and parents filled out a questionnaire on sociodemographic variables and sources of lead exposure. Overall blood lead levels ranged from 3.0 pg/dl to 48.0 pg/dl, with a mean of 13.2 pg/dl (SD = 7.6). The mean blood lead level of children living in households that reported using LGC (23%) was 18.8 pg/dl (SD= 1 1.4), whereas the mean blood lead level was 11.8 pg/dl (SD = 5.5) among children living in households that did not use LGC (t-test, p = 0.02). A major factor was the consumption of fruit juice kept in LGC. Children who drank juice kept in LGC had a mean blood level of 22.2 pg/dl (SD = 12.5), whereas children who did not had a blood lead level of 12.4 pg/dl (SD = 6.3; t-test, p = 0.004). We observed similar results in other groups of children from urban and rural areas (Table 6 ).
In addition, among a cohort of pregnant women and their offspring, Rothenberg et al. (6) reported that women who used LGC and their infants had higher blood lead levels than women who did not use this type of pottery. These findings demonstrate the major role of traditional pottery as a contributor to blood lead levels in the general Mexican population and emphasize the need for interventions to produce leadfree pottery.
Lead in Cans and Canned Food
Lead-soldered side-seam cans are still available in Mexico. As with food prepared and kept in traditional pottery, aAnalysis of three cans per size.
b "Type C" is the term used by the industry to refer to a coating used primarily in vegetable canning.
acidic foods processed in cans with lead solder are more likely to be contaminated. In 1990, measurements of lead content in different types of canned foods were performed by the National Laboratory of Industrial Work. Among the cans analyzed, 33% of chili cans, 37% of tuna fish cans, and 33% of sardine cans had levels exceeding 2 ppm (24). Measurements performed recently by the National Laboratory of Public Health on a random sample of 300 cans with different types of solder showed that 33% had a lead content exceeding 0.30 ppm, the recommended guideline of the Mixed Commission of FAO/OMS (25) . Among the cans that exceeded the norm, 61% were lead-soldered, and 18% had an electronic solder (26) . Our team also performed measurements on samples of cans available on the market to determine the amount of lead released by empty cans of different sizes with different types of coating and solders (10) . In addition, we analyzed the lead content of canned foods (9) . Results are shown in Table 7 . Food may also be contaminated before processing. High lead content has been observed in food grown in "urban gardens" if the soil is high in lead or if there is high lead concentration in the air or the water used for irrigation (2X. A study conducted in Tula (State of Hidalgo) showed high levels of lead in vegetables grown using residual water (range 0.14-3.74 mg/kg) (Cortez MJ, personal communication).
Lara et al. (5) studied the sources of lead exposure among a random sample of civil servants residing in Mexico City. Among 142 men, the mean blood lead level was 22.6 pg/dl (SD = 6). The major predictor of blood lead was the consumption of canned chili. Subjects who consumed canned chili on a daily basis had a mean blood lead level of 24 pg/dl as compared to 21 pg/dl among their counterpart (p =0.001). However, these findings were not observed in other studies (7, 8) . In this study the use of LGC was also an important determinant of blood lead levels.
Lead in Drinking Water
Lead in drinking water may come from contamination at the source, but it can also result from the water treatment and distribution system. Lead levels in drinking water can be high when soft/acidic water flows through lead pipes. For a long period, in Mexico it was required that houses be connected to a street collector through a lead-pipe connection. This could potentially contaminate the water, especially acidic/soft water. However, since July 1991 this regulation is no longer valid.
Measurements of lead in drinking water (11) (30) . (33) ; and the lead content of high-temperature glazed ceramic ware and glassware is regulated (2.5-7.0 ppm) (34) . Other regulations refer to the technichal aspect of determining soluble lead in different media (31) . Also, the use of paint containing lead oxides and carbonates has been prohibited on road or sidewalk signals, and, since 1988, lead arsenate insecticide, which was used mainly on tobacco plantations, has been banned from Mexico (35) .
Under the Agreement for Joint Actions, industries must withdraw the use of lead-soldered cans for foodstuffs and beverages (36) . The solubility of the lead content of LGC has also been regulated (2.5-7.0 ppm depending on the type of utensil) (37) . However, the regulation allows three years for its application, and during 1994, a solubility of 75-210 ppm will still be authorized (3?). One of the possible alternatives is the substitution, in the production process, of low-temperature wood ovens with high-temperature gas ovens to avoid the release of lead from the glaze. However, the implementation of such a program requires a major investment. Another alternative could be the substitution of leaded glaze by an unleaded, nontoxic glaze that could provide the same characteristics as the leaded glaze. Although regulation has been established, there is a need for enforcement and development of alternative technologies to decrease the lead content of these utensils.
Conclusion
The lead content of environmental samples and the blood lead levels observed in different groups of the population indicate that lead exposure is still a major problem in Mexico. The blood lead levels that we observed were higher in residents of Mexico City than those from rural areas. Among children who lived in Mexico City, blood lead levels varied according to the socioeconomic level and the place of residency. The major predictors of blood lead levels across studies were the use of LGC to prepare foods or store juice, traffic in relation to place of residency, and the habit of biting colored pencils (Table 6 ). These findings point out that leaded gasoline and LGC play a major role in the population's exposure to lead. Recently, several measures to decrease lead exposure have been implemented, and a decreasing trend in blood lead levels has been observed among some groups of the population in Mexico City (31) . Nevertheless, the results presented emphasize the urgent need for strict regulatory policies for lead control to protect the Mexican population. In addition, there is a need for more extensive screening of the population to get a better estimate of the magnitude of the problem.
